Introduction
Asthma is a chronic, inflammatory disease of the airways affecting approximately 8% of the world's population [1] . The disease is characterized by airway inflammation, increased mucus production, intermittent airway obstruction and hyperresponsiveness [2] . There are rising trends in asthma prevalence and severity, with accompanying increases in morbidity and mortality, especially among young children [3, 4] . Despite decades of research, the therapy of this pathological condition has remained essentially unchanged [5] . In recent years, only few new drugs were proposed for the treatment of asthma, such as leukotriene receptor antagonists [6] , antiimmunoglobulin E antibodies [7] , and phosphodiesterase inhibitors [8] . There is still a compelling need for anti-asthma drug with high effectiveness and low side effects.
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The purpose of the present study was to extend our findings of amurensin H to an in vivo mouse asthma model for further exploration of its anti-inflammatory action in an allergic condition. In this experiment, TNF-α, the pro-inflammatory cytokine, together with IL-4, IL-5, and IL-13, the T helper 2 cells (Th2 cells) cytokines, were evaluated. Inflammatory cell recruitment and lung pathology were also investigated.
Materials and methods
Materials Chemicals (analytical-grade) were purchased from Sigma-Aldrich Chemical (St Louis, MO, USA). The ELISA kits for IL-4, IL-5, and IL-13 were purchased from R&D Systems (Minneapolis, MN, USA). The ELISA kits for TNF-α were purchased from eBioscience Company (San Diego, CA, USA). Amurensin H was provided by Prof Mao LIN [9, 10] . Animals and treatments Specified pathogen-free, male BALB/c mice 6-8 weeks of age (Experimental Animal Center, Chinese Academy of Medical Sciences and Peking Union Medical College, China) were divided into 6 groups. Each group consisted of 20 weight-matched animals. Group 1 was given 0.1 mL of saline (ip) on d 0 and d 14. On d 18-22, animals were challenged with saline for 20 min [11] . These animals were referred to as naïve animals. The remaining mice were sensitized by intraperitoneal injections of 20 µg OVA (grade V, Sigma) and 4 mg Al(OH) 3 Bronchoalveolar lavage fluid (BALF) 24 h or 48 h after the last aerosol OVA challenge, mice were killed with an overdose of sodium pentobarbital (200 mg/kg, ip). Each group was divided into 2 subgroups with 10 mice in each group. The two subgroups were used for preparation of BALF at different time points.
To obtain BALF, the lungs were lavaged with 0.6 mL of ice-cold phosphate balance solution (PBS). BALF was centrifuged at 100×g for 15 min at 4 o C. The supernatant was decanted and stored at -80 o C for later analysis. The cell pellet was resuspended in 1 mL PBS. Total BALF cell counts were obtained using a hemocytometer cytospin (Shandon, Pittsburgh, PA, USA). The BALF cells were stained on glass slides with modified Wright-Giemsa stain. Differential cell counts of macrophages, lymphocytes, neutrophils, and eosinophils were performed in 200 cells per slide (one slide per animal).
Cytokines The concentrations of TNF-α, IL-4, IL-5 and IL-13 in the BALF were determined by ELISA kits. The limits of detection were as follows: TNF-α, 8 pg/mL; IL-4, 2 pg/mL; IL-5, 7 pg/mL; IL-13, 1.5 pg/mL.
Histologic examination 48 h after the last aerosol OVA challenge, lung tissues were extracted and fixed in 10% neutral formalin and stored at 4 o C for later processing. The tissue was washed, dehydrated and embedded in paraffin. Tissue sections of 6-mm thickness were stained with Mayer's hematoxylin and eosin (H&E) for assessment of tissue damage and mucus production. H&E stained sections were examined by bright field microscopy and images captured with an Olympus DP1T digital camera system (Olympus Optical, Tokyo, Japan).
Statistical analysis Data were presented as mean±SD. Student's t-test was used to determine significant differences between the treatment group and vehicle group. The critical level for significance was set at P<0.05. h post last OVA-challenge (P<0.05 vs naïve mice, Figure 2A) and Dexa reduced the increase of TNF-α (P<0.05 vs vehicle group). Oral administration of amurensin H before challenges decreased the level of TNF-α at 24 h (P<0.05 vs vehicle group). The level of IL-4 also increased at 24 h post last OVA-challenge (P<0.05 vs naïve mice, Figure 2B ) and Dexa reduced the increase of IL-4 at 24 h (P<0.05 vs vehicle group).
Results

Effects
Oral administration of amurensin H before challenges significantly decreased the level of IL-4 at 24 h (P<0.05 vs vehicle group). The increase of IL-4 in the vehicle group and the decrease of IL-4 in Dexa and amurensin H treated groups were also observed at 48 h, though not to a statistically significant degree. The level of IL-5 and IL-13 both increased at 24 h (P<0.05 vs naïve mice) or 48 h (P<0.05 vs naïve mice, Figure 2C , 2D) after the last OVA-challenge. Dexa reduced the increase of IL-5 and IL-13 at both time points (P<0.05 vs vehicle group). Oral administration of amurensin H before challenges decreased the level of these two cytokines both at 24 h (P<0.05 vs vehicle group) and at 48 h (P<0.05 vs vehicle group). There was a similar trend towards the change of cytokine to different time points, that is, the levels of TNF-α, IL-4, IL-5 and IL-13 were higher at 24 h than they were at 48 h.
Effects of amurensin H on OVA-induced inflammatory cell recruitment in BALF BALF was collected 24 h and 48 h after the last OVA aerosol challenge. Total and differential cell counts were performed. OVA aerosol challenge induced a more than 5-fold increase in total leukocytes, which was comprised of increases in macrophages, eosinophils, neutrophils and lymphocytes (P<0.05 vs naïve mice, Figure 3A ). There was an increased percentage and absolute number of eosinophils, neutrophils, lymphocytes, and decreased percentage of macrophages in the BALF of the vehicle group. Dexa at the dose of 1 mg/kg inhibited the infiltration of total leukocytes, macrophages, neutrophils, eosinophils, and lymphocytes (P<0.05 vs vehicle group). Amurensin H substantially reduced the number of total cells (P<0.05 vs vehicle group), which was mainly due to the significant reduction in eosinophils (P<0.05, P<0.01 vs vehicle group, Figure 3B ). The numbers of lymphocytes and macrophages were also reduced a little in amurensin H-treated mice ( Figure 3D, 3E) . OVA challenge induced a rapid infiltration of neutrophils in BALF. As expected, this early neutrophilia was followed by later infiltration of lymphocytes and eosinophils ( Figure 3B,  3C,3D ). The number of total inflammatory cells in the treatment group was lower at 48 h than it was at 24 h, which meant the recruitment of leukocytes was related to the levels of inflammatory cytokines, especially IL-5.
Effects of amurensin H on OVA-induced tissue damage and mucus production Lung tissues were collected 48 h after the last OVA challenge. OVA aerosol challenge induced a severe inflammatory reaction compared with naïve mice, characterized by mucus production, hyperemia, interstitial edema, inflammatory cell infiltration, and desquamation of bronchial epithelial ( Figure 4B ). Five times OVA challenge were performed in this experiment, so the inflammatory reac- tion and desquamation of bronchial epithelial as compared to the vehicle group. Amurensin H at a dose of 70 or 49 mg/kg showed attenuation in mucus production, but the desquamation of bronchial epithelial was not ameliorated.
Discussion
Current asthma therapies focus on two aspects of the disease, alleviating the symptomatic bronchoconstriction through relaxation of smooth muscle, and controlling the underlying pathology of inflammation. Bronchodilators are primarily used to reverse an ongoing bronchoconstriction. Their effects on inflammation are modest and usually require co-therapy with anti-inflammatory compounds [14, 15] . The ability to modify the disease by breaking the cycle of inflammation is crucial for the successful treatment of asthma. The anti-inflammatory actions of amurensin H were strongly supported in this murine asthma model. Amurensin H could attenuate OVA-induced pulmonary inflammation, decrease production and release of pro-inflammatory cytokines into the airway. Although amurensin H was not as efficacious as Dexa in this preclinical model, corticosteroids have significant side effects, which cause concern over their use at high doses or over the long term, especially in children and the elderly [16] . In present study, the recruitment of leukocytes in BALF was studied at 24 h and 48 h post last challenge. The total numbers of infiltrated leukocytes increased significantly at both time points. Amurensin H generally did not show selectivity with respect to cell type in its inhibition of leukocyte accumulation in the BALF. Eosinophils, together with macrophages and lymphocytes were all significantly reduced by amurensin H.
Allergic asthma is characterized as a Th2 driven, IgE mediated disease with clear functional symptoms and underlying lung inflammation [1] . Th2 lymphocytes have a proinflammatory role by expressing and generating cytokines that attract and activate effect cells, leading to further cytokine release in allergic asthma [17] . The Th2-derived cytokines IL-4, IL-5, and IL-13 were investigated in this study. The time of lavage post challenge was chosen to coincide with the neutrophil peak (24 h), and eosinophil and lymphocyte peak (48 h) according to Kasserra et al's report [1] . The levels of IL-4 and IL-13 increased significantly at 24 h post the last challenge. The levels of IL-4 decreased almost to baseline at 48 h post the last challenge. The level of IL-5 increased significantly in vehicle-treated group and this increase lasted to 48 h, when the level of IL-5 was even higher than it was at 24 h post the last challenge. Considering the critical effects of IL-5 on eosinophil differentiation, maturation, recruitment and activation [18] , the increase of IL-5 may partly explain the tion was severer than those challenged 3 times in some other reports. Dexa (1 mg/kg, Figure 4C ) or amurensin H (100 mg/kg, Figure 4D ) treatments attenuated the mucus produc- later peak of eosinophils. TNF-α is believed to amplify inflammatory reaction as a pro-inflammatory cytokine. In this study, the level of TNF-α increased significantly at the first 24 h and decreased dramatically at 48 h post last challenge. The parallel change of TNF-α or neutrophils at different times may not be a simple coincidence, since neutrophil recruitment is demonstrated to be partly through the TNF-α pathway. Actually, the mechanisms responsible for the reaction of asthma are not fully understood and evidence points to a complex cascade of cell infiltration and mediator release from multiple cell types. The precise relationship between inflammatory cells and cytokines in this model is unclear. As mentioned previously, there exists a cycle of inflammation during the disease progress, and amurensin H seems to have the ability to break certain steps in this inflammation cycle. The expression of inflammatory cytokines is regulated by transcription factors and DNA-binding proteins. The activation of NF-κB has been reported in the OVA-induced asthma model. The inhibition of NF-κB activity by amurensin H was observed in an LPS induced HL-60 cell in our previous studies (submitted). This may partly explain the reason for its anti-inflammatory effects.
In conclusion, oral administration of amurensin H significantly reduced the OVA-induced increase of TNF-α, Th2 cytokines in BALF of sensitized mice. Amurensin H also inhibited inflammatory cells recruitment and infiltration in BALF of this model, suggesting a potential anti-allergic inflammation effect of this compound. Since the model employed in this study is exposed to amurensin H prior to antigen challenge, the result may suggest a prophylactic action of this compound. Further studies are needed to identify its molecular mechanism of anti-inflammatory action. Its antiallergy action will be explored on some other asthma models with different species.
